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Introduction
Diabetic retinopathy is one of the leading causes of blindness in the developed world, particularly in patients aged 20 to 74 years [1] . Its estimated prevalence is 70.4% in patients with type 1 diabetes and 54.4% in patients with type 2 diabetes [2, 3] .
Microvascular occlusion in the eye caused by the glycation of blood vessel proteins results in local hypoperfusion that leads to retinal ischaemia. Proliferative diabetic retinopathy (PDR) occurs in response to the ischaemiamediated release of vascular endothelial growth factor (VEGF) into the vitreous cavity [4] [5] [6] . It has been shown that retinal neovascularisation is a significant risk factor for severe vision loss in diabetic patients [4] .
The Diabetic Retinopathy Study demonstrated that scatter laser panretinal photocoagulation (PRP) reduced the risk of severe vision loss by at least 50% in patients with highrisk PDR compared to a control group [7] . Currently, PRP is the principal therapy for sight-threatening PDR except for patients with a history of extensive vitreous haemorrhaging, which is a contraindication to laser photocoagulation.
Intravitreal injections of several drugs in combination with PRP have been shown to achieve more favourable therapeutic outcomes than PRP alone. The adjunctive use of triamcinolone with PRP leads to a higher rate of new vessel regression and reduced macular oedema compared to PRP alone, based on several studies [8] [9] [10] . Drug-related side effects, such as cataract progression and secondary glaucoma, were commonly observed in the injected patients.
The intravitreal injection of the antivascular endothelial growth factor (VEGF) antibody drug, bevacizumab, was tested to determine whether similar beneficial results of new vessel regression and reduced macular oedema can be achieved without the side effects. The first published studies reported promising short-term outcomes [11, 12] , and comparative trials confirmed these results [13] [14] [15] .
The major purpose of this prospective, controlled study was to evaluate the effectiveness of intravitreal triamcinolone (IVT) or intravitreal bevacizumab (IVB) combined with PRP on retinal neovascularisation and visual acuity changes compared with PRP alone in patients with PDR.
Methods

Patient Eligibility.
We recruited consecutive patients who visited the Medical Retina Unit of the University Hospital Complex of Santiago de Compostela and met the inclusion criteria.
We excluded from the study patients with the following characteristics: previous panretinal or focal/grid photocoagulation, signs of vitreomacular traction (either on optical coherence tomography (OCT) or biomicroscopy), a history of cataract extraction or lens implantation within the previous 6 months, significant media opacities or a history of glaucoma or ocular hypertension. Patients with high glycated haemoglobin (HbA1c) levels or high blood pressure were not excluded.
The study protocol complied with the Helsinki declaration and was reviewed and approved by the Bioethics Committee of the University of Santiago de Compostela. The Spanish Ministry of Health approved the use of bevacizumab in each patient. Written informed consent was obtained from all patients after a clear explanation of the nature of the intervention was provided. The informed consent clearly stated that patients were involved in a scientific investigation.
Preoperative Examination.
To determine the PDR severity, the same examiners (F.L.L. and F.G.U.) graded the patients' retinopathy levels based on slit-lamp biomicroscopy, retinography, and fluorescein angiography (FA), according to the modified retinopathy severity scale of the ETDRS Research Group [20] .
Baseline data included age, sex, type, and duration of diabetes mellitus, blood pressure measurements, HbA1c levels and serum cholesterol and triglyceride levels.
Patients underwent a clinical examination that included refraction, and best-corrected visual acuity (BCVA) was measured according to a standardised refraction protocol using a retroilluminated Lighthouse for the Blind distance visual acuity test chart (using modified ETDRS charts 1, 2, and R) [21] . The contrast sensitivity was measured using the Pelli-Robson test (retroilluminated Lighthouse charts), and lenticular status was classified by comparing stereoscopic lens photographs based on the Lens Opacities Classification System III [22] . Tonometry was measured with a Perkins applanation tonometer, and fundus examinations, retinographies, and FA were performed using digital angiograms that were captured with a Topcon retinal camera (model TRC-50IX; Topcon, Tokyo, Japan) using IMAGEnet software 2.5. The foveal thickness was measured to calculate the average thickness in the central ring (1000 µm in diameter) using a commercially available fast macular thickness scanner from Stratus OCT (Carl Zeiss Meditec, Dublin, Ireland).
Experimental
Design. This prospective, comparative, interventional pilot study included 60 eyes. The first 40 eyes were randomised (1 : 1) to receive either standard PRP alone (the PRP group) or PRP plus one intravitreal injection of triamcinolone (the IVT group). Due to the popularity of anti-VEGF agents, we created an additional group (the IVB group) that consisted of the next 20 consecutive eyes in patients who met the inclusion criteria; PRP plus three intravitreal injections of bevacizumab one month apart were administered in these eyes.
Either IVT or the first dose of IVB was injected immediately after the first laser treatment. No focal/grid laser was used before or during the follow-up period.
Intravitreal Injections.
After the first laser treatment was completed, each eye was prepared using prophylactic antibiotic drops and 5% povidone iodine. Using a 30-gauge needle, the injections were administered 4 mm posterior to the corneal limbus through the inferior pars plana. An eyelid speculum was used to stabilise the eyelids. Immediately after each injection, the patient was examined using indirect ophthalmoscopy to observe the circulation in the central retinal artery, and the patient's light perception was verified. Each patient was instructed to apply antibiotic (ciprofloxacin) eye drops four times per day for seven days following the injection.
Eyes that were assigned to the IVT group were treated with 4 mg of triamcinolone acetonide (0.1 mL per injection) directly from the vial (Trigon depot , Bristol-Myers Squibb, s.l., Madrid, Spain), and the IVB-group eyes were treated with 1.25 mg of bevacizumab (Avastin , Genentech Inc., San Francisco, CA, USA) in 0.05 mL per injection. All eyes were injected under topical anaesthesia by the same surgeon (F.L.L.).
Scatter PRP.
Scatter PRP was performed under topical anaesthesia in 3 sessions one week apart using a 532-nm green laser (IRIS Medical OcuLight GL) and a Mainster Wide Field lens. The inferior and the temporal retina were treated in the first session, and nasal and superior retina were treated in the second and third sessions, respectively. The spot size used was 300 µm, the exposure time was 0.1 sec, and the power was adjusted to produce a grey-white lesion. All eyes were treated by the same ophthalmologist (F.L.L.).
Two months after the laser treatment, FA was performed. Any residual ischaemic or untreated areas were addressed with an additional laser treatment.
Outcome Measures.
The main outcome measures included retinal neovascular regression, which was defined as the complete disappearance of vitreous leakage from new vessels in the disk (NVD) and new vessels elsewhere (NVE) during any phase of the fluorescein angiogram, and BCVA changes measured using the ETDRS charts at one, two, and six months after the treatment.
Secondary endpoints included the change in the central macular thickness (CMT) based on OCT, changes in the contrast sensitivity, changes in the intraocular pressure, and the incidence of moderate or severe adverse effects at the same time-point.
Follow-Up Examinations.
Patients were scheduled for follow-up examinations at one, two, and six months after the treatment. The same procedures that were performed at baseline were repeated at the two-and six-month followup visits (e.g., BCVA assessment, complete ophthalmic examination, photography, and FA). Systemic and local adverse events, including changes in the intraocular pressure and lens status, were monitored throughout the study.
Statistical Analysis.
Normal distributions of the data were demonstrated using the Kolmogorov-Smirnov test, and the Student's t-test and ANOVA were used in the statistical analysis. Quantitative data are expressed as mean ± standard deviation (SD). The level of significance was set at P < 0.05. All analyses were performed using SPSS 16.0 for MAC.
Results
Between December 2005 and November 2007, 60 eyes from 45 patients were included in this study. Based on the clinical examination and FA, all of the eyes presented with PDR with or without clinically significant macular oedema. The mean (SD) age was 54.74 (13.85) years (range: 22-76 years). There were 11 female patients and 34 male patients. 9 patients had type 1 diabetes, and 36 had type 2 diabetes. All but 2 eyes were phakic (1 in the PRP and 1 in the IVT groups). The clinical characteristics of the eyes before treatment are summarised in Table 1 . Note that no statistical differences were observed in the baseline characteristics between the PRP, IVT, and IVB groups.
There were no differences in the mean (SD) number of laser spots performed in each group (2742.21 (479.19), 2725.53 (524.32), and 2968.5 (469.01) in the PRP, IVT, and IVB groups, resp.) or the number of eyes that were retreated.
Primary Outcomes.
Number of active new vessels in the eyes that were treated with PRP alone decreased from a mean of 3.45 at baseline to 2.28 (P = 0.049) and 2.5 (P = 0.064) at the two-, and six-month follow-up visits, respectively. IVT plus PRP reduced the number of active new vessels from a mean of 4.35 at baseline to 1.25 (P = 0.000) and 1.11 (P = 0.000) at the two-and six-month follow-up visits, respectively. Active new vessels in the IVB group decreased from a mean of 4.79 at baseline to 0.05 (P = 0.000) and 1.11 (P = 0.002) at the two-and six-month follow-up visits, respectively (Table 2 and Figure 1(a) ).
The combination of triamcinolone and PRP significantly reduced the number of new vessels at the six-month followup visit compared with PRP alone (P = 0.024 using the Student's t-test; normal distribution of the data was demonstrated using the Kolmogorov-Smirnov test). The combination of bevacizumab and PRP also produced better results than PRP alone (P = 0.001 at two months and P = 0.021 at six months; in both cases, the Student's t-test was used to compare the data after a normal distribution was demonstrated using the Kolmogorov-Smirnov test). The combination of bevacizumab and PRP was also more effective than IVT plus PRP at the two-month follow-up visit (P = 0.013), but no differences were observed at the sixmonth follow-up period between these two groups (P = 1.0).
According to the modified retinopathy severity scale from the ETDRS Research Group [20] , retinopathy was stable (no progression) in 85% of the eyes in the PRP group after PRP was performed compared with 100% of the eyes in both the IVT and IVB groups although these differences were not significant (P = 0.680 using ANOVA). A reduction in the severity of the retinopathy (a decrease of at least one level) was achieved in 53% of the eyes in the PRP group, which was a lower percentage than that of the other groups; a reduction in the severity of the retinopathy was achieved in 65% of the eyes in the IVT group, and in 79% of the eyes in the IVB group. Again, these differences were not significant (P = 0.505, using ANOVA).
In eyes with high-risk PDR, PRP induced regression in 2/5 eyes; the PRP plus IVT combination reduced the severity of the retinopathy in all cases (5/5), and the PRP plus BIV combination reduced the severity in all cases except one (7/8). Furthermore, two cases from the PRP group involved vitreous haemorrhages during the follow-up period, despite the treatment. The severity of the diabetic retinopathy in the different groups before and after the treatments is summarised in Table 3 .
Visual acuity remained stable (a gain or loss of no more than 5 ETDRS letters) in all groups during the followup period. Patients who received PRP alone experienced a mean loss of 2.6 ETDRS letters, while the IVB and IVT groups experienced a mean loss of 0.9 letters and 3.9 letters, respectively ( Figure 1 ). Visual acuity changes were not significant in any group at any time point, except in the IVT group at the six-month follow-up visit (P = 0.011) ( Table 2 and Figure 1(b) ). There were no significant differences in BCVA between the groups during the follow-up period.
Five eyes PRP-group suffered a vision loss of two or more ETDRS lines (in two cases, there was a four-line loss). Two eyes in both the IVT and IVB groups suffered a loss of two or more lines (one case in the IVT group experienced a four-line loss).
Secondary Outcomes.
The CMTs changes in the control group were not significant during the follow-up period (P = 0.124, P = 0.402 and P = 0.129 at the one-, two-and sixmonth follow-up visits, resp.). In the IVB group, the CMT remained stable while eyes were being injected (P = 0.902 and P = 0.671 at one and two months, resp.) but significantly increased by a mean of 45.3 microns at the six-month followup visit compared to baseline (P = 0.032). In contrast, the IVT group experienced a significant CMT reduction at the one-month follow-up visit (P = 0.02), and although the CMT was reduced compared to the baseline, the differences were not significant at the two-and six-month follow-up visits (P = 0.134 and P = 0.857, resp.) ( Table 2 ). The IVT group showed a significant CMT reduction compared to PRP alone at both one and two months after treatment (P = 0.002 and P = 0.032, resp.), and although there were no statistical differences at six months (P = 0.11), the confidence intervals showed a tendency towards significance (CI:−15.2; +133.58). The IVB group failed to reduce the CMT compared with PRP alone at any point during the follow-up period, and no significant differences were observed between the IVT and IVB groups, except at the one-month follow-up visit (P = 0.032) (Figure 1(c) ).
The mean baseline contrast sensitivity (using the PelliRobson score) was 1.38 (0.38) in the PRP group, 1.49 (0.20) in the IVT group and 1.37(0.25) in the IVB group. Changes in the contrast sensitivity were not significant during the follow-up period, except in the IVT group, which showed a decrease in the sensitivity at six months (P = 0.034). The statistical analysis did not reveal significant changes among the groups (Figure 1(d) ).
Changes in the intraocular pressure (IOP) were not significant in the PRP and IBV groups during the follow-up period, but the eyes in the IVT group showed a significant increase in the IOP compared to the other two groups. At the one-month follow-up visit, the IOP in the IVT eyes was 5.6 mmHg higher than at baseline (P = 0.001), and at the two-and six-month follow-up visits, the IOPs were 6.1 and 2.6 mmHg higher than at baseline, respectively (P = 0.000 and P = 0.027). IOP changes are summarised in Figure 1(e) .
Three eyes in the PRP group and one eye in the IVB group showed an IOP increase of at least 5 mmHg compared to baseline (no eye exceeded an IOP of 25 mmHg). In contrast, this IOP threshold was exceeded in thirteen eyes in the IVT group; topical treatment was administered in four of these cases (when IOP > 24 mmHg), one of which required filtering surgery because the maximal topical treatment dose failed to control the IOP.
After the follow-up period, cataract progression was observed in two eyes in the PRP group, in one eye in the IVB group (which was not significantly different from the PRP group) and in eight eyes in the IVT group (P = 0.029 when compared with the PRP eyes), but in no case cataract surgery was performed during the follow-up period. There were three cases of exudative peripheral retinal detachment after the laser treatment (one in the control group and two in the IVT group), which spontaneously resolved with topical nonsteroidal anti-inflammatory drops. One patient presented with acute anterior uveitis after the third bevacizumab injection; this was completely resolved with steroid drops. Another patient in the IVB group suffered a nonfatal myocardial infarction one month after the first bevacizumab injection. No more injections were administered in this patient.
Vitreous haemorrhage occurred in two eyes from the PRP group, which were excluded from the data because outcome measures could not be evaluated. Four eyes (one in the PRP group, two in the IVT group and one in the IVB group) were lost to followup because the patients could not attend follow-up visits for various reasons. Data from the remaining eyes were included in the analysis. 
Discussion
The guidelines established by the ETDRS and DRS indicate the use of PRP in cases of proliferative diabetic retinopathy (PDR). However, when PDR coexists with macular oedema, the recommendations are less clear. It has been reported that PRP alone can lead to a gain of two or more ETDRS lines in 45% of patients with severe macular oedema and PDR [23] . However, delaying PRP can cause vision loss although it is known that PRP also worsens untreated macular oedema [24, 25] . To date, the present study is the first to compare the results of PRP alone to the combination of PRP and intravitreal triamcinolone or bevacizumab injections in naïve eyes.
The effects of 4 mg of triamcinolone in the eye was expected to persist for at least three months [26] . Because the effects of anti-VEGF agents in the eye are more short lived and because previous studies on other ocular diseases, such as age-related macular degeneration, suggested a loading dose of three injections [27] , our study included three bevacizumab injections one month apart and a single dose of triamcinolone to maintain the effects of these drugs for the same length of time.
In this study, to reduce the risk of worsening macular oedema, PRP was applied in 3 sessions, one week apart). However, it has been recently reported that changes in CMT were not different in patients who were treated in a single session compared to those who were treated in four sessions that were one week apart [28] .
The main goal of this study was to evaluate the regression of the new vessels (NVs). We considered an NV to have regressed when no leakage was observed during any phase of the angiogram. At the end of the 6-month follow-up period, PRP led to the regression of 27.5% of NVs, and the 
IVB: intravitreal bevacizumab; IVT: intravitreal triamcinolone; PDR: proliferative diabetic retinopathy; PRP: panretinal photocoagulation.
combinations of PRP plus IVT and PRP plus IVB induced a significantly higher regression percentage (74.4% and 76.8% of NVs, resp.). No significant differences between the IVT and IVB groups were observed at the end of the follow-up period.
Combined treatments also resulted in more effective control of the retinopathy; the severity of the retinopathy did not worsen in either of the injected groups compared to a worsening that occurred in 15% of the eyes treated with PRP alone. The severity of the retinopathy was reduced in 65% of the eyes that received PRP plus IVT and 79% of those that received PRP plus IBV, whereas only 53% of the eyes in the PRP group showed reductions in the severity of the retinopathy. The data also suggest that the higher the severity of the retinopathy, the more effective the combined treatments; however, the small sample size of this study does not provide adequate power to fully determine these differences, and this should be an area for further study.
Several studies have investigated the regression of new vessels after various treatment modalities, but the criteria used to define regression were not always consistent [17, 18] . Only the recent studies that evaluated the changes in the leakage area before and after treatment presented objective data [9, 14] . A reduction in the leakage area does not indicate a complete inactivation of the new vessels, and these less active vessels can still induce complications, such as recurrent vitreous haemorrhages or tractional retinal detachment. More restrictive criteria allow a better assessment of the results that are achieved with the various treatment modalities. Table 4 summarizes the results reported by several studies and the regression criteria used in each. Note that the results obtained in our study are consistent with those previous reports (see the results section).
Changes in macular thickness in the PRP group during the follow-up period were similar to those reported in other studies. Choi et al. [29] reported a decrease in the macular thickness two months after PRP and focal laser treatment. In the present study, the thickness two months after PRP was similar to the baseline values. At 6 months after treatment, Bandello et al. [9] reported a 17% increase in the macular thickness compared to baseline in patients who underwent PRP and focal laser treatment, which is in contrast to the results in the present study of 8.2% worsening after PRP alone.
Intravitreal bevacizumab failed to reduce the macular thickness; furthermore, at the six-month follow-up visit, there was a 14.6% worsening of CMT compared to the baseline. These results are less impressive than those reported by Cho et al. in similar studies, in which a 12.4% reduction in CMT was observed three months after PRP + IVB + focal laser treatment [19, 30] . Focal laser therapy may be required to stabilise the maculae in cases of coexisting macular oedema and PDR if bevacizumab injections are planned.
On the other hand, intravitreal triamcinolone significantly reduced macular thickness one and two months after the injections, but CMT returned to baseline after six months. Our results are poorer than those published by other groups [9, 29, 31] . Because we obtained the 4 mg in 0.1 mL of triamcinolone directly from the vial without any filtering or purification process, the actual injected dose may be lower than this amount, as was previously reported [26] . Because the effect of the triamcinolone depends greatly on the dose injected [32] , the actual injected dose in our study could have been lower than that used by other groups (no data on the actual injected doses are provided in these studies, except the Choi et al. study [29] ). Similar to eyes treated with bevacizumab, eyes treated with PRP + focal laser therapy + IVT appear to be associated with better results, according to the literature [31] .
Although no significant differences between the IVT and IVB groups were observed at the end of the followup period in the present study, a recent study showed that triamcinolone was more effective than bevacizumab at reducing, or at least maintaining, the macular thickness [30] . Unlike bevacizumab, triamcinolone is not limited to blocking VEGF. Triamcinolone has also been linked to reductions in other inflammatory cytokines, such as IL6, ICAM-1, MCP-1, and PDEF, which have all been implicated in the pathogenesis of macular oedema [33] . Both triamcinolone and bevacizumab failed to increase the visual acuity compared to PRP alone. BCVA remained stable in the different groups during the follow-up period, and no correlation with CMT was observed. These findings are similar to those reported for eyes that were treated with laser therapy alone [9, 29] and for eyes that were treated with bevacizumab [14, 19] , but the results are poorer than those in eyes adjunctively treated with triamcinolone [9, 29, 31] , as discussed above. Panretinal photocoagulation does not result in reduced contrast sensitivity. The addition of bevacizumab also did not reduce the contrast sensitivity, but the combination of PRP plus IVT resulted in a reduced Pelli-Robson score at the six-month follow-up visit. This reduction, which was significant compared to baseline, was not significant compared to the PRP alone group and the IVB plus PRP.
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Injections have been shown to be relatively safe. No complications related to the injections were observed in the present study, and apart from increased ocular pressure in the IVT group (which was controlled with topical treatment in all except in one case) and a case of acute anterior uveitis in one patient following the third bevacizumab injection, no other major ocular side effects were observed. One patient suffered a nonfatal myocardial infarction one month after the first intravitreal bevacizumab treatment. Although the timeline and presence of other risk factors suggest no relationship between the treatment and the heart attack, no subsequent injections were administered in this patient.
This nonblinded study has several limitations in addition to the small sample size. The IVB group was not randomly formed because the original study design considered only the PRP and PRP plus IVT groups. The increasing importance of bevacizumab in the treatment of multiple eye diseases compelled us to create this new group to investigate the role of bevacizumab in PDR treatment.
A six-month follow-up period might be considered to be short, but we decided to analyse the results at this time point for several reasons. First, the effect of PRP is considered to be stable at six months after the procedure [16, 17, 34] , and the effects of both intravitreal drugs were not expected to persist beyond this period. In addition, similar studies with a follow-up period of one year did not show changes in the visual acuity at the one-year follow-up visit compared to the 6-month follow-up visit [9, 31] , and the macular thickness also remained stable [31] . Finally, because focal laser therapy was not administered before or during the follow-up period, the patients were reevaluated, and focal laser retreatments were considered at the six-month visit.
In conclusion, adjunct intravitreal triamcinolone or bevacizumab treatment is relatively safe and leads to better control of retinopathy in patients with diabetic proliferative retinopathy. It appears that the more severe the retinopathy, the more effective the combination treatment. In cases of coexisting macular oedema and PDR, triamcinolone may be a better choice than bevacizumab because thickening of the macula was not observed in the IVT group. Based on the results in the present study and data from other reports, focal laser therapy at the time of the PRP seems to improve the results for both the IVT and the IVB groups.
The findings of this pilot study are an important addition to the literature, but they require confirmation in future clinical trials to determine the best therapeutic option for these patients.
